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Technical Field 

The present invention relates generally to a satellite 
communications system and, more particularly, to a satellite system having 
satellites to provide continuous near global coverage with few satellites in 
elliptical sub-geosynchronous orbit. 

Background of the Invention 

5 Satellites in geostationary orbit (GSO) have been widely 

preferred for several decades because of the economic advantages afforded by 
such orbit. In a geostationary orbit, a satellite traveling above the Earth's 
equator, in the same direction as that in which the Earth is rotating, and at the 
same angular velocity, appears stationary relative to a point on the Earth. These 
1 0 satellites are always "in view" at all locations within their service areas, so their 
utilization efficiency is effectively 100 percent. Antennas at Earth ground 
stations need be aimed at a GSO satellite only once; no tracking system is 
required. 

Coordination between GSO's and with terrestrial services is 
15 facilitated by governmental allocation of designated "slots" spatially spaced 
according to service type. Given the desirability of geostationary satellite orbits 
and the fact that there are only a finite number of available "slots" in the 
geostationary "belt," the latter capacity has been essentially saturated with 
satellites operating in desirable fi-equency bands up through the Ku-band (up to 
2 0 18 GHz). As a result, the government has been auctioning the increasingly 
scarce remaining slots. 

This has encouraged the development of complex and expensive 
new systems including those using low Earth orbits (LEO's), medium Earth 
orbits (MEO's), and/or higher fi-equencies, for example, the Ka band (up to 
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approximately 40 GHz). Proposed LEO and MEO applications have circular 
based orbits. Growth to higher frequencies is limited by problems of 
technology and propagation, and expansion in satellite applications requires 
exploitation of the spatial dimension (i.e., above and below the GSO belt). A 
5 host of proposed LEO and MEO systems exemplify this direction. A drawback 
of LEO and MEO systems for users is the relative uncertainty of satellite 
position, and rapid motion, leading typically to the use of omni-directional 
antennas having low gain, which limits data rate. Another drawback is that they 
must be designed not to interfere with previously deployed, currently 
1 0 constructed, or future planned GSO satelhte systems. This may require cycling 
the satellite off and on during flight into the beam of a GSO satellite. 

Typical LEO and MEO systems with relatively low altitude 
circular orbit constellations require a large number of satellites for coverage at a 
specified elevation angle to a single service area. The drawback to the large 
15 number of satellites is that several launches must be used to deploy the 
satellites. This increases the cost of the system dramatically. 

Another known proposed system is the so called "Virtual GSO" 
(VGSO) by Virtual Geosatellite LCC The VGSO system is a non- 
geostationary orbit system. The proposed VGSO requires 15 satellites to 
2 0 achieve global landmass coverage and wide separation away from GSO 
satellites. The main drawback to this system is that 15 satellites are required to 
achieve coverage. In many instances this may be cost prohibitive for a 
preliminary system. 

Similar to VGSO system, another known system is a non- 
25 geostationary orbit system called "Denali" by Denali Telecom. The proposed 
system requires 3 satellites to achieve initial non-global coverage and 9 
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satellites to achieve the final global landmass coverage. Satellites in both initial 
and final deployment have a wide separation away from GSO satellites. The 
main drawback to this system is that 9 satellites are required to achieve global 
coverage. 

5 Yet another known system is the "West" system by the European 

Space Agency. The West system has nine satellites with the same ground track 
on Earth surface. The nine satellites are disposed in nine individual circular 
orbits whose ground tracks follow the same pattern that provides focused 
coverage at three highly populated regions, US, Europe, and East Asia. 
10 Drawbacks of this system are that its coverage is not optimized for landmass 
coverage and its coverage is not a near global. 

While the various prior systems function relatively satisfactorily 
and efficiently, none discloses the advantages of a sateUite system using 
overhead elliptical, eccentric sub-geosynchronous satellite orbits in accordance 
1 5 with the present invention as is hereinafter more fully described. 

Disclosure of the Invention 

The present invention provides a satellite system that takes 
advantage of elliptical eccentric sub-geosynchronous orbits to achieve a 
relatively low cost satellite service with low investment particularly suitable for 
early entry into broadband consumer markets. 

2 0 The present invention also provides a satellite system with 

continuous coverage of the service area using a synchronized set of satellites. 
The system can be configured to provide coverage at predetermined elevation 
angles. The present invention also provides a system having optimized land 
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coverage to reduce the number of satellites to provide a desired level of 
coverage. 

In one aspect of the invention, a conmiunications system has a 
ground station for communicating communication signal to a plurality of 
5 satellites located in a specific inclined elliptical orbits with respect to the earth. 
The plurality of satellites operate in a service area in a synchronized manner, 
with identical ground tracks and consistent phasing, to provide continuous 
coverage to the service area. The satellites generate a plurality of beams with 
variable beamwidths to obtain a substantially uniform cell size covering the 
1 0 service area. A user terminal within the service area receives communication 
signals fi-om the satellites. 

One feature of the present invention is that the plurality of 
satellites providing an initial system capacity with minimum time-to-market and 
investment risk. The capacity can be easily supplemented with more satellites 
15 as the desire for system capacity increases. 

In a fiuther aspect of the invention, a method of providing a 
system of inclined eccentric sub-geosynchronous satellite orbits includes the 
steps of: 

defining at least one geographic service area within which 
2 0 satellite coverage is to be provided, said service area having a minimum 
elevation angle thereabove; 

defining at least two satellite orbits above the minimum service 
area having a first satellite and a second respectively therein; 

operating said first satellite to generate a plurality of fixed cells 
2 5 relative to the earth by varying the beamwidth and steering the boardside of the 
beams generated during operation in an active arc of an orbit; 
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handing over operation from the first sateUite to the second 
satelhte to maintain at least the minimum elevation angle; and 

operating said second satellite to generate the plurality of fixed 
cells by varying the beamwidth and steering the boardside of the beams 
5 generated during operation in the active arc of an orbit. 

An advantage is that the satellite system provides continuous 
coverage by having at least a predetermined elevation angle that allows the use 
of the system in a majority of the coverage area. This elevation angle covers the 
most highly populated areas. The elevation angle may for example be about 30 
1 0 degrees. Another advantage of the invention is that the tracking angles from the 
Earth stations or user terminals are relatively small compared with LEO and 
MEO systems. 

The objects, advantages and features of the present invention are 
readily apparent from the following detailed description of the best mode for 
15 carrying out the invention when taken in connection with the accompanying 
drawings and appended claims. 

Brief Description of the Drawings 

A more complete appreciation of the invention and many of the 
attendant advantages and features thereof may be readily obtained by reference 
to the following detailed description when considered with the accompanying 
2 0 drawings in which like reference characters indicate corresponding parts in all 
the views, wherein: 

FIGURE 1 is a perspective view of a LEO, a MEO and a GSO 
satellites of the prior art. 
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FIGURE 2 is a perspective view of an inclined elliptic sub- 
geosynchronous orbit according to the present invention. 

FIGURE 3 is a perspective view of two cells in a service areas 
according to the present invention. 

5 FIGURE 4 is a chart illustrating various satellite constellations 

according to the present invention. 

FIGURE 5 is plot of a ground track of case one of Figure 4, 
wherein thicker curve indicates the portion within an active period of 12 hours. 

FIGURE 6 is plot of a ground track of case two of Figure 4, 
1 0 wherein thicker curve indicate the portion within an active period of 8 hours. 

FIGURE 7 is plot of a ground track of case three of Figure 4, 
wherein thicker curve indicate the portion within an active period of 16 hours. 

FIGURE 8 is plot of a ground track of case five of Figure 4, 
wherein thicker curve indicate the portion within an active period of 18 hours. 

15 FIGURE 9 is plot of a ground track of case eight of Figure 4, 

wherein thicker curve indicate the portion within an active period of 19.2 hours. 

FIGURE 10 is a plot of latitude versus time plot of a four 
satellite system according to the present invention. 



FIGURE 11 is a plot of longitude versus time plot of a four 
2 0 satellite system according to the present invention. 
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FIGURE 12 is an equirectangular projection map of satellite 
coverage for a service area of a four satellite system according to the present 
invention. 

FIGURE 13 is a plot of latitude versus time plot of a five satellite 
5 system according to the present invention. 

FIGURE 14 is a plot of longitude versus time plot of a five 
satellite system according to the present invention, 

FIGURE 15 is an equirectangular projection map of satellite 
coverage for a service area of a five satellite system according to the present 
1 0 invention. 

FIGURE 16 is an equirectangular projection map of satellite 
coverage showing variable beam width in fixed cell sizes according to the 
present invention for a service area in contrast to a fixed beam width system of 
the prior art. 

15 FIGURE 17A is a perspective view from a satellite showing 

variable beam width in fixed cell sizes according to the present invention. 

FIGURE 17B is a perspective view from a satellite showing for a 
service area having fixed beam width system of the prior art. 

FIGURE 18 is a view of the earth having a geostationary 
2 0 crossing zone with respect to an SGSO satellite according to the present 
invention. 
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Description of the Preferred Embodiinent(s) 

The present invention is illustrated herein in terms of a satellite 
orbit system using various inclination angles, eccentricity values and other 
values. It should be understood that specific numerical values are introduced as 
examples and not as final design values. Also, the preferred embodiment 
5 includes one satellite per orbit. However, more then one satellite could be 
employed. 

The essence of the invention is the establishment of a satellite 
communication system that employs sateUites that allow satellite 
communications for various types of services including mobile and fixed 
10 satellite coverage. The satellite system has inclined, eccentric sub- 
geosynchronous orbits with identical repeating ground tracks. 

In the present invention, inclined elliptic sub-geosynchronous 
orbits (SGSO) satellites with altitudes below the geosynchronous belt enable 
operation to service for a predetermined service region on a landmass with 
15 possible spectrum re-use of frequencies with the geostationary belt in a non- 
blocking manner. The SGSO system is non-geosynchronous as well in that they 
do not have a sidereal day period. The overall optimization in land coverage 
may be obtained with a few satellites. This reduces the cost and time-to-market 
of the system. 

2 0 Referring now to Figure 1, Earth 10 is shown having prior 

known type of systems. These systems include a geostationary (GSO) orbit 12 
that has a GSO satellite 22. The GSO orbit 12 is a circular orbit at the 
equatorial plane. In a geostationary orbit, the satellite 22 travels above the 
Earth's equator, in the same direction as that in which the Earth is rotating, and 

2 5 at the same angular velocity, appears stationary relative to a point on the Earth. 
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These satellites are always "in view" at all locations within their service areas, 
so their utilization efficiency is effectively 100 percent. Antennas at Earth 
ground stations need be aimed at a GSO satellite only once; no tracking system 
is required. GSO satelUte 22 is positioned at about 35,000 kilometers above 
5 Earth 10. 

Earth 10 also shown with a medium earth orbit (MEO) satellite 
12 that has a medium earth orbit 20 and a low earth orbit satellite 20 with a low 
earth orbit 22. A MEO orbit altitude may range from about 10,000 km to about 
20,000 km. A low earth orbit satelhte system is typically, deployed at an 
10 altitude below 1,500 km. Typically, several satellites are employed to form a 
system MEO or LEO system. MEO systems typically have 15 or greater 
satellites while LEO systems may have many times that number. 

Referring now to Figure 2, Earth 10 is illustrated with an inclined 
elliptical sub-geosynchronous satellite (SGSO) system 30 according to the 
15 present invention. The system 30 has a plurahty of SGSO satellites 32, each 
satellite being positioned in a respective SGSO orbit 34. The satellites are 
active (communicating with the remainder of the system on the Earth) for a 
portion of the orbit 34, This period of activity is the active arc 35 which is 
illustrated in bold. Although not illustrated, each orbit 34 has an active arc. 

2 0 A comparison of Figure 1 and Figure 2 illustrates some general 

differences between a GSO, MEO, LEO and the present invention SGSO. As 
Earth 10 rotates daily, GSO satelhte 14 maintains a substantially constant 
position over the Earth. As seen from a point on the Earth, the elevation angle 
of the satellite is constant. 

2 5 Although only illustrated on one orbit, each SGSO orbit 34 has 

an apogee 36 being set at the northernmost point of the orbit when viewed with 



10 



respect to the Earth and an perigee 38 being the southernmost point of the orbit 
when viewed with respect to the Earth. The altitude of apogee 36 is greater than 
the ahitude of a MEO satelhte and may range from about 30,000 km to 50,000 
km. The perigee 38 is preferably at least 500 km to avoid atmospheric drag. 

5 Although four satellites are illustrated in Figure 2, the above 

example is applicable to 2 or more satellites and preferably 4 or 5 satellite 
system having all the satellites synchronized so that continuous coverage may 
be provided to a service area. More satelhtes may be required if a larger service 
area, a higher elevation angle within the service area, or more capacity is 

10 desired. Applications in fixed satellite service, broadcast satellite service, or 
mobile satellite service may be more efficiently realized. As will be further 
described below, an initial group of satellites placed into orbit define an early or 
primary system. Thereafter, a second group of satellites may be added. This 
permits the benefit of a lower cost initial deployment with later deployments 

1 5 and therefore cost when the system requires it. 

Referring now to Figure 3, a high level diagram of a 
communications system 40 is shown. Communications system 40 includes 
satellites 42a and 42b and satellites 44a and 44b. Satelhtes 42a, 42b are used to 
direct communications signals 46 to a service area that is divided into a plurality 

2 0 of fixed sized cells 48. Satellites 44a, 44b are used to direct communications 
signals 50 to a service area that has fixed size cells 52. Communications signals 
46, 50 may also be transmitted from fixed size cells 48, 52 to satellites 44a, 44b, 
42a, 42b. Satellites 42a and 42b may be part of a first plurality of satellites 
deployed to be part of an initial early system. After the initial deployment, 

2 5 when fixrther capacity is desired the satellites 44a and 44b may be part of a 
second deployment. 
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Satellites 42a, 42b, and 44a, 44b, are preferably in the inclined 
eccentric sub- geosynchronous orbit as described above. Although two satellites 
are illustrated for each service area, more than two satellites may be provided. 
Typically, only one satellite will provide coverage for a particular cell at a time. 
5 As illustrated, satelhtes 42a and 44a are providing coverage to cells 48 and 52, 
respectively. The system is designed so that when the elevation angle of 
satellites 42a and 44a become low, satelhtes 42b and 44b are at a proper 
elevation angle. A handover occurs and satellites 42b, 44b provide 
communication signals 46 and 50, respectively. 

1 0 Communications system 40 is illustrated with ground stations 54 

and 56. Ground stations 54 and 56 may be coupled to the terrestrial 
infrastructure such as an internet service provider 58, a broadcast TV center 60, 
or a corporate intranet 62. Of course, other terrestrial type communications may 
also be coupled to communications system 40 such as telephone networks or 

1 5 cellular telephone networks. One skilled in the art would recognize that ground 
stations 54 and 56 may be incorporated into a single centralized ground station 
or single location to provide common content and information for interactive 
data communications. 

Communication system may employ a GSO satellite or satellites 
2 0 in addition to satellites 44a, 44b, 42a, 42b. The use of a GSO satellite depends 
on the overall use of the system as would be evident to those in the art. 

Satelhtes 44a, 44b, 42a, 42b preferably have a phase array 
antenna 64. Various phase array antennae would be known to those skilled in 
the art. The advantage of the phase array antenna 64 is that beams with variable 
2 5 beamwidths may be used to obtain a substantially uniform cell size 48, 52 
covering the respective service area. Thus, as the satellite moves within the 
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service area the altitude and angle changes. The individual elements of the 
phase array antenna 64 may be reconfigured to keep the cell size on the face of 
the earth from each beam uniform. This feature is further described below. 

Referring now to Figure 4, as mentioned above, the number of 
5 satellites in an initial deployment may vary. A systematic approach to define 
the appropriate constellation of an SGSO system is described herein. The results 
shown in table form have been derived through a calculation of number of 
satellites and percentages of time in the active arcs. The results reflect that 
constellations have a variety of configurations based on the diversity of its 
10 assumptions. 

An initial deployment SGSO system may be categorized into 
three classes based on the nature of the coverage. These classes are defined as 
(1) regional, (2) primary-market, and (3) landmass-optimized. The second and 
third classes are also known as the near-global (in contrast to the first) systems, 
15 their coverage expend to all longitudes firom 18O0W to 18O0E. A true global 
(covering every longitude and latitude) system including pole coverage requires 
more satellites deployed than is needed by an SGSO system. The following 
paragraphs provide detail discussion of the three classes of initial deployment 
SGSO systems. 

2 0 1. Regional 

If the business requires only coverage to local/regional areas, say 
a country or a few neighboring countries, an SGSO system may provide 
coverage only to these areas. The simplest SGSO solution may use just one 
satellite in an inclined geosynchronous orbit to provide service. However, a 
2 5 better solution would apply at least two satellites, each of these sateUites 
provides service through a repeatable ground track within an active period as a 
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fraction of a day. When the active sateUite is about to drop below the minimum 
elevation angle or is approaching the GSO satellite avoidance zone, a new 
active satellite will replace it. This process is called satellite handover. The 
constellation is defined by the joint constraints of coverage area, Doppler, 
5 minimum elevation, and the altitude of perigee. 

2. Primary-Market 

If the business requires primary-market coverage, for example 
the popular developing/developed countries, an SGSO system that achieves 
primary-market coverage may start from only 3 SGSO satellites. These 

1 0 satellites will provide coverage concentrating to America and Asia As will be 
further described below, a better solution is a 5 sateUites system, which provides 
both GSO arc avoidance and coverage concentrated to North America, Europe, 
and East Asia. These systems can be fine tune to provide coverage only to a few 
desired geo-locations. The resulting coverage is illustrated in Figure 15. This 

15 may be performed in cooperation with the satellite(s) providing regional 
coverage using a second launch. 

3. Landmass Optimized 

At last, if the business requires optimized-landmass coverage, 
say most of the world, an SGSO system that achieves landmass-optimized 
2 0 coverage starts from 4 SGSO satelHtes as will be described below to cover all 
landmasses and requires much less satellites compared to a typical LEO or 
MEO system. The resulting coverage is illustrated in Figure 12. This may be 
performed as a third launch in addition to the satellites of primary market 
coverage. 

2 5 One parameter is the Orbit Period (or Period) which is defined as 

the time for a sateUite to circulate one revolution in its orbit. The Period also 
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determines whether the coverage is to be regional or global. Since the present 
invention is targeting simplicity, the selections introduced below are limited to 
orbits with repeatable ground tracks. To achieve repeatable ground tracks, 
Period is limited to be a rational fraction of a sidereal day (23.934469594 hours) 
5 and Period is given by, 

P (Period) = N/M* 100% * S; M, N □ {1, 2, 3, 4,. . ..}, and N< M [1] 

where M and N are integers, S is the length of a sidereal day, and N is smaller 
than M. 

The number of repeatable ground tracks is the least common 
1 0 multiples (LCM) of M and N given by: 

Number of Repeatable Patterns, K= LCM (M, N) [2] 



For simplicity, the numerator in equation [1] is equal to one 
(N--1). The Period is simphfied to be a fraction of a sidereal day (1/M* S). As a 
result, the number of repeatable sub-tracks (K) is M, in the ground track pattem 
15 plot. It is assumed that at least one active satellite is present at each sub-track. 
The minimum number of required satellites is given by: 

Minimum Required Number of Satellite K = LCM (1 , M) - M [3] 

Assuming that the number of total satellites is defined as X. X 
includes K minimum required satellites and Y redundant satellites that fill the 
2 0 gaps between adjacent active arc. The number of total satellites can be 
summarized as: 

Number of Total Satellites X K (minimum required) +Y (redundant) [4] 
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The percentage of time in active arc (Active Period) is equivalent 
to the ratio of number of active satellites over all satellites if the Active Period 
is defined to provide no redundancy (one active satellite only in each arc). This 
ratio is calculated by: 

5 Active Period Percentage = Active_Period/Period * 100% = K/X * 100% [5] 

In a preferred embodiment, a few constellation design constraints 
are appUed in the selection of SGSO constellations. These constraints limit the 
selection of SGSO constellation under a few sub-sets of all SGSO 
constellations. These constraints include: 
10 [1] Altitude of perigee: larger than 500 km to avoid wind drag 

[2] Minimum elevation: larger than 10 degree, and the higher the 

better 

[3] Continuous coverage: at least one visible satellite for 100% 
of time to secure acceptable quality of service 
15 [4] Total number of spacecraft should be a number that provides 

sufficient coverage at specific elevation angles. In preferred systems, the total 
number is less than less than 8. 

Other secondary constraints may not be achieved at all time 
compared to the primary constraints. These constrains are listed below as 
2 0 secondary constraints and serve as objectives for quality of service: 

[5] Non-interfering with GSO links: the constellation is designed 
to avoid main-beam-to-main-beam interference with GSO networks/systems, 
typical solution is to achieve satellite diversity with GSO arc. 

[6] Van Allen Belt Avoidance: there are two zones with highly 
2 5 dense radiating articles, such as protons and electrons, trapped at certain 
altitudes called Van Allen Belts, The considered SGSO satellite may fly through 
these areas fi*om time-to-time, special protection to payload electronics are 
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required if the orbit pass one of the Van Allen Belts or both. As is illustrated in 
the table, preferably the system of the present invention employs less than nine 
satellites and more preferably uses four or five sateUites. 

Referring now to Figure 5, Case 1 from the table of Figure 4 is 
5 illustrated. A ground track 68 having an active arc 70 is illustrated over North 
America. Because only two satellites are used, this system provides only 
regional coverage but has advantageously an extremely high elevation angle. A 
ground track on the surface of Earth 10 may be developed from SGSO satellite 
32. Ground tracks are imaginary lines representing the loci of subsatellite 
1 0 points that are repeatedly traced on the surface of the Earth by lines extending 
from the center of the Earth to orbiting satellites. The ground tracks are located 
at specified longitudes and retrace repeatedly on a regular basis. 

Referring now to Figure 6, Case 2 from the table of Figure 4 is 
illustrated. A ground track 72 having an active arc 74 is illustrated over North 
15 America. Because only three satellites are used, this system provides only 
regional coverage but has advantageously an extremely high elevation angle and 
no interference with the geostationary belt. 

Referring now to Figure 7, Case 3 from the table of Figure 4 is 
illustrated. A groimd track 76 having active arcs 78 are illustrated over a global 
2 0 map. Because the only three satellites, two of which are active, are used, this 
system provides two regions of coverage with an advantageously high elevation 
angle. 

Referring now to Figure 8, Case 5 from the table of Figure 4 is 
illustrated. A groimd track 80 having active arcs 82 are illustrated over a global 
2 5 map. Because four satellites, three of which are active, are used, this system 
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provides three regions of coverage with an advantageously high elevation angle. 
This system provides near global coverage and is further described below. 

Referring now to Figure 9, Case 6 from the table of Figure 4 is 
illustrated. A ground track 84 having active arcs 86 are illustrated over a global 
5 map. Because five satellites, four of which are active, are used, this system 
provides four regions of coverage and less potential interference with satellites 
in the GSO belt. This system provides near global coverage with higher 
elevation angles than those of case 5. 

Referring now to Figure 10, a first example of a preferable 
10 system of the present invention using 4 satellites in Elliptical Sub- 
Geosynchronous Orbit (SGSO) with period around 8 hours (one third of 
sidereal day) is illustrated. The latitude versus time plot has a line 88 showing 
how the latitude varies with respect to time. Line 88 has active arcs 90 
illustrating when the satellite is active versus inactive. Each satellite spends 
15 three quarters of the period time in an active period and one quarter in 
maneuvering between two consecutive active periods. As shown in Figure 11, 
the positions of longitude of each satellite along line 91 are shown with active 
arcs 90 in bold. 

Referring now to Figure 12, overall coverage and sub-satellite 
2 0 tracks 91 in active periods are shown. It demonstrates an optimized coverage of 
the global landmass by just four SGSO satelHtes. This result out-performs that 
achieved by any GSO alternative in the high latitude area. LEO or MEO, would 
involve at least 10 MEO satellites or 30 LEO satellites for an equivalent global 
coverage. The region 92 in the center of the map represents the region with at 
2 5 least 10 degrees of elevation angle. As is illustrated, this includes nearly all the 
primary markets. Another region 94 directly adjacent to region 90 illustrates 
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the region between 10 degrees of elevation angle and zero degrees of elevation 
angle, A no service region 96 is illustrated directly adjacent to region 96. The 
no service region 96 is directly adjacent to each pole. 

Another advantage of the present invention is that the terminals 
5 keep tracking to satellites in a semi-geostationary manner scanning angles with 
less than 20"^ are used. 

As shown, the landmasses of the earth may be separated as three 
zones [1] North and South America, [2] Europe, Africa, Mid-East and India, 
and [3] China, East Asia, Australia, and New Zealand. Each zone would have 

1 0 only a dedicated active satellite at each moment. For business, which involves 
geographically closer communication, this arrangement would be a great benefit 
since a satellite can see the whole landmass in each zone and no inter-satellite 
link is necessary. For business which involves transoceanic communication 
(US-Asia, US-Europe, and Europe-Asia), the inter-continent traffic may be 

1 5 carried either through partnering with the undersea cable or the long-haul fiber 
companies. An optical inters at ellite link (ISL) may also be used. Inter-satellite- 
links (ISL) however, may not be considered because of a correspondingly long 
development time. If the constraint of short "time-to-market" period is present, 
the development cycle the undersea cable aspect may be more easily 

2 0 implemented than an ISL. 

Referring now to Figure 13, similar concept to that shown in 
Figures 10-12 may be applied for a "primary-market" system. As shown in, the 
areas that demand the highest capacity. North America, Europe, and East Asia, 
are covered at high elevation angle of 300 through 5 ESGO satellites. Each 
2 5 satellite dwells in active period for 60% of the time period and maneuvers 
between adjacent active slots for the remaining 40% of the time period. In 
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Figure 13, active arcs 92' are shorter than arcs 92 from Figure 10. Figure 14 is 
a plot of longitude versus time for the system of Figure 13. 

With 5 satellites, 8-hour period, and 3 active zones, the altitude 
within each zone varies from about 18000 km to about 27,270 km. One 
5 advantage of the system is that the scanning angle decreases from +/- 169 to +/- 
lie, while the satellite altitude increases from 18,000 km to 27,025 km. The 
region 92' in the center of the map represents the region with at least 10 degrees 
of elevation angle. As is illustrated, this includes nearly all the primary 
markets. Another region 94' directly adjacent to region 90' illustrates the 
10 region between 10 degrees of elevation angle and zero degrees of elevation 
angle. A no service region 96' is illustrated directly adjacent to region 96'. The 
no service region 96' is directly adjacent to each pole. 

Referring now to Figure 16, due to the variation in altitude of the 
SGSO satellites, it is desirable to apply coverage as fixed-cell-varying- 
15 beamwidth as illustrated as region 98 with cells 104 on rectilinear map 100 
instead of fixed-beamwidth-varying-cell as illustrated as region 102 with cells 
105 on map 100. 

Another comparison is shown below in Figures 17A and 17B. A 
satellite centric view is illustrated showing a system having varying beamwidth 
2 0 and fixed cells 104 in Figure 17A and a system with fixed beamwidth and 
varying size cells 105 in Figure 17 B, 

As is illustrated, each cell is not only equal in size but also fixed 
irrelevant to the motion of satelhtes. The cell size selection may vary in each 
system when balance with design tradeoffs in EIRP, antenna complexity, and 
2 5 intended coverage areas. To implement such a system, a phase array based 
satellite antenna with 500 to 1500 elements may be used. 
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Referring now to Figure 18, an important feature for SGSO 
satellites 110 system of the present invention is to share spectrum with GSO 
satelUtes 112 to avoid SGSO sidelobe interference into the GSO earth station at 
its mainbeam. As a resuh, a GSO Crossing Zone Avoidance is defined which 
5 indicates the SGSO sateUites would shut-down while flying through the defined 
GSO Crossing Zone 114. 

SGSO is one of the simplest solutions to achieve GSO Crossing 
Zone Avoidance, Assuming a system with 5 SGSO satellites is considered, the 
active arc is outside the GSO Crossing Zone. This means the SGSO satellite 
10 sidelobe would not interfere any GSO Earth station at its mainbeam. The active 
SGSO satellite is widely separated from the GSO satellite seen from anywhere 
on the earth surface. 

While the invention has been described in detail, those familiar 
with the art to which this invention relates will recognize various altemative 
15 designs and embodiments for practicing the invention as defined by the 
following claims. 
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What is claimed is: 



1 LA communications system comprising: 

2 a plurality of regional ground stations; 

3 a plurality of satellites located in a elliptical sub-geostationary 

4 orbit with respect to the earth, located in an elliptical sub-geostationary orbit 

5 with respect to the earth, said satellites operating in a service area in a 

6 synchronized manner to provide continuous coverage to said service area, said 

7 satellites generating a plurality of beams with variable beamwidth to obtain a 

8 substantially uniform cell size covering said service area; and 

9 a plurality of user terminals with the service area receiving 
1 0 communication signals from the satellite. 

1 2. A system as recited in claim 1 wherein said ground 

2 station is coupled to one selected from the group consisting of an internet 

3 service provider, a broadcast television center and a corporate internet. 

1 3. A communications system as recited in claim 1 wherein 

2 said uniform cells are substantially fixed within said service area. 

1 4. A communications system as recited in claim 1 wherein 

2 said plurality of beams provide equal capacity density to said cell size. 

1 5. A communications system as recited in claim 1 wherein 

2 said minimum elevation angle is greater than 10 degrees in said service area, 

1 6. A communications system as recited in claim 1 wherein 

2 within said service area is a primary market area 
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1 7. A communications system as recited in claim 1 wherein 

2 said first plurality of satellites comprise a phase array to form said plurality of 

3 beams. 

1 8, A communications system as recited in claim 1 wherein 

2 said satellites are disabled when coextensive with a geostationary orbit. 

1 9. A communications system as recited in claim 1 wherein 

2 said first plurality comprises less than 9 satellites. 

1 10. A communications system as recited in claim 1 wherein 

2 said first plurality comprises 4 satellites. 

1 1 1 . A communications system as recited in claim 1 wherein 

2 said first plurality comprises 5 satellites. 

1 12. A communications system comprising: 

2 a first plurality of satellites located in an elliptical sub- 

3 geostationary orbit with respect to the earth, said satellites operating in a service 

4 area in a synchronized manner to provide continuous coverage to said service 

5 area, said satellites generating a plurality of beams with variable beamwidth to 

6 obtain a substantially uniform cell size covering said service area, said first 

7 plurality of satellites providing a first system capacity; and 

8 a second plurality of satellites deployed after said first plurality 

9 of satellites, said second plurality of satellites providing a second system 
1 0 capacity greater than the first system capacity. 

1 13. A communications system as recited in claim 12 wherein 

2 said uniform cells are substantially fixed within said service area. 
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1 14. A communications system as recited in claim 12 wherein 

2 said plurality of beams provide equal capacity density to said cell size. 

1 15. A communications system as recited in claim 12 wherein 

2 said minimum elevation angle is greater than 10 degrees in said service area. 

1 16. A communications system as recited in claim 12 wherein 

2 within said service area is a primary market area having an elevation greater 

3 than 30^ 

1 17. A communications system as recited in claim 12 wherein 

2 said first plurality of satellites comprise a phase array to form said plurality of 

3 beams. 

1 18. A communications system as recited in claim 12 wherein 

2 said satellites are disabled when coextensive with a geostationary orbit. 

1 19. A communications system as recited in claim 12 wherein 

2 said first plurality comprises less than 9 satellites. 

1 20. A communications system as recited in claim 12 wherein 

2 said first plurality comprises 4 satellites. 

1 21. A communications system as recited in claim 12 wherein 

2 said first plurality comprises 5 satellites. 

1 22. A method of providing a system of inclined eccentric 

2 sub-geosynchronous satellite orbits above the earth, the method comprising: 

3 defining at least one geographic service area within which 

4 satellite coverage is to be provided, said service area having a minimum 

5 elevation angle thereabove; 
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6 defining at least two satellite orbits above the minimum service 

7 area having a first satellite and a second respectively therein; 

8 operating said first satellite to generate a plurality of fixed cells 

9 relative to the earth by varying the beamwidth of the beams generated during 

1 0 operation in an active arc of an orbit; 

11 handing over operation from the first satellite to the second 

12 satelHte to maintain at least the minimum elevation angle; and 

13 operating said second satellite to generate the plurality of fixed 

14 cells by varying the beamwidth of the beams generated during operation in the 

1 5 active arc of an orbit. 

1 23. A method as recited in claim 19 wherein said satellite 

2 orbits are inclined eccentric sub-geosynchronous orbit. 

1 24. A method as recited in claim 24 wherein said step of 

2 defining at least two satellite orbits comprises defining at least four obits. 

1 25. A method of developing customized satellite 

2 constellation comprising the steps of: 

3 developing a first satellite constellation having a first set of 

4 satellites having regional coverage having a first service area; 

5 launching a second set of satellites to form a second satellite 

6 constellation having primary market coverage in cooperation with said first set 

7 of satellites to have a second service area greater than said first service area. 

1 26. A method as recited in claim 26 comprising launching a 

2 third set of sateUites to form a third satellite constellation having optimized 

3 landmass coverage in cooperation with said first set of satellites and said second 

4 set of satellites having a third service area greater than said second service area. 
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1 21. A method as recited in claim 27 wherein said first 

2 constellation, said second constellation and said third constellation comprise 

3 SGSO satellites. 

1 28. A method as recited in claim 26 wherein said first set of 

2 satellites are non-interfering with GSO satellites. 

1 29. A method as recited in claim 26 wherein said second set 

2 of satellites are non-interfering with GSO satellites, 

1 30. A method as recited in claim 27 wherein said first 

2 plurality of satellites and said second set of satellites have active arcs sized to 

3 provide continuous coverage to said second service area. 

1 31. A method as recited in claim 27 wherein said first 

2 plurality of sateUites and said second set of satellites have active arcs sized to be 

3 non-interfering with GSO satellites. 
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Abstract 

A communication system has a plurality of ground stations for 
communicating communication signal to a plurality of satellites located in an 
inclined elliptical sub-geosynchronous orbit with respect to the earth. The 
plurality of satellites operate in a service area in a synchronized manner to 
5 provide continuous coverage to the service area. The satellites generate a 
plurality of beams with variable beamwidths to obtain a substantially uniform 
cell size covering the service area. A user terminal within the service area 
receives communication signals from the satellite. 
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